In this study, using the analytical and recurrence relations suggested by the authors in previous works, the new efficient and reliable program procedure for the overlap integrals over Slater type orbitals is presented. The proposed procedure guarantees a highly accurate evaluation of the overlap integrals with arbitrary values of quantum numbers, screening constants and internuclear distances. It is demonstrated that the computational accuracy of the proposed procedure is not only dependent on the efficiency of formulas, as has been discussed previously, but also on a number of other factors including the used program language package and solvent properties. The numerical results obtained, using the algorithm described in the present work, are in complete agreement with those obtained using the alternative evaluation procedure. We notice that the program works without any restrictions and in all ranges of integral parameters.
Introduction
In the study of the electronic structure of molecules, one has to evaluate overlap integrals over Slater type orbitals (STOs) accurately and efficiently. These integrals arise not only in the Hartree-Fock-Roothaan equations for molecules, but are also central to the calculation of arbitrary multicenter integrals based on the series expansion formulas about a new center and one-range addition theorems for STOs [1] which necessitate to accurately calculate the overlap integrals especially for the large quantum numbers. It should be noted that the overlap integrals over STOs are also used in all of the semiempirical methods [2] .
The aim of this report is to calculate the overlap integrals over STOs using the analytical approach containing well-known auxiliary functions, A k and B k and the recurrence relations for the basic overlap integrals presented in our previous works [3 -5] . These expressions are especially useful for computation of overlap integrals on the computer for high quantum numbers, internuclear distances and orbital exponents or vice versa.
In this work, the differences and similarities in organization of existing overlap integral programs are discussed, and a new strategy is developed. This method 0932-0784 / 07 / 0900-0467 $ 06.00 c 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com is computationally simple and numerically well behaved. On the basis of formulas obtained in the papers [3 -5] we constructed a program for computation of the overlap integrals over STOs using Mathematica 5.0 international mathematical software and Turbo Pascal language packages. The numerical results demonstrate that the computational accuracy of the established formulas is not only dependent on the efficiency of formulas, but also strongly depends on the used program language packages. Excellent agreement with benchmark results and stability of the technique are demonstrated. Since the overlap integrals over STOs are of considerable importance in the evaluation of arbitrary multicenter integrals, it is hoped that the present work will prove useful in tackling more complicated molecular integrals appearing in the determination of various properties for molecules when the Hartree-FockRoothaan approximation is employed.
Definition
The two-center overlap integrals over STOs with respect to lined-up coordinate systems are defined as where
Here, S lm is the complex (S lm = Y lm ) or real spherical harmonic. It should be noted that our definition of phases for complex spherical harmonics Y * lm = Y l−m differs from the Condon-Shortley phases [6] by the sign factor.
Analytical Relations in Terms of Auxiliary Functions
In [3] , using the auxiliary function method for the overlap integrals the following formula has been established:
where N nn (t), F m (N, N ), and A k n (p) are determined by
Here, F m (n) = n!/[m!(n − m)!] are the binomial coefficients and k ≥ n + 1. It should be noted that (5) for the generalized binomial coefficients with different notation D NN m firstly has been presented by Rosen [7] . The quantities A n (p) and B n (pt) occurring in (3) and (6) are well known auxiliary functions [8] (see also [9] ).
The quantities g 0 αβ (lλ , l λ ) in (3) are the expansion coefficients for a product of two normalized Legendre functions in elliptic coordinates. The relationship for these coefficients in terms of factorials was given in [10] . In [11] , these coefficients were expressed in terms of binomial coefficients.
Use of Recurrence Relations for Basic Overlap Integrals
In [5] , using the expansion formula for a product of two spherical harmonics both with the same center Table 2 . Comparative values of the two-center overlap integrals over STOs in lined-up coordinate systems for small and high values of integral parameters.
Equations (3) and (7), Equations (3) and (7) [10], the overlap integrals (1) were expressed through the basic overlap integrals
where C L (l λ , l λ ) are the Gaunt coefficients. With the aid of recurrence relations given in [5] , the basic overlap integrals S n00,n l 0 (p,t) appearing in (7) can be expressed in terms of the functions S 00 (p,t) ≡ S 000,000 (p,t) and S 00 (p, 0) ≡ S 000,000 (p, 0) for the calculation of which we can use the following analytical formulas:
Numerical Results and Discussion
On the basis of (3) and (7), obtained in our papers [3 -5] , we constructed the programs which were performed in the Mathematica 5.0 international mathematical software and Turbo Pascal 7.0 language packages. The computational results of overlap integrals by the use of the Turbo Pascal 7.0 language package program have been examined in our published papers [3 -5] . The Barnett's data [12] and results of our calculation using Mathematica 5.0 international mathematical software and Turbo Pascal 7.0 language packages for various values of parameters are represented in Table 1 . Barnett's data are reproduced by using our scheme with Mathematica while we get different results using the same scheme with Turbo Pascal. Thus, in this paper we show that the discrepancies can be arisen in the case of different programming environments. We note that, the difference between the numerical results of (3) and (7) arise only after forty five digits. It should be noted that for the comparison of the accuracy of computer results obtained from the formulas of overlap integrals, one should use the same program language packages.
It is well known from the expert of this field that the problems occuring in the evaluation of overlap integrals are as follows: small internuclear distances and small orbital exponents, and high internuclear distances and high orbital exponents. The results of calculation in these cases are given in Table 2 . As is clear from our tests that the recurrence and analytical formulas presented in this study are useful tools for the exact evaluation of the overlap integrals with arbitrary values of quantum numbers, internuclear distances and orbital parameters. Thus, our program calculates the overlap integrals over STOs with arbitrary quantum numbers (n, l, n , l , λ ) and variables (p,t).
